_ Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2003-267748 
(43)Date of publication of application : 25.09.2003 



(51)lnt.CI. 




C03C 3/068 
C03B 11/00 
G02B 1/00 




(21)Application number 


2002-074322 


(71)Applicant 


HOYA CORP 


(22)Date of filing : 


18.03.2002 


(72)lnventor : 


HAYASHI KAZUTAKA 








SUU GAKUROKU 



(54) OPTICAL GLASS FOR PRECISION PRESS MOLDING, PREFORM FOR PRECISION 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide high refractive index low dispersion optical glass 
used for manufacturing an optical element eliminating the need for the machining such as 
grinding and polishing on the optical functional surface after precision press molding. 
SOLUTION: The optical glass for precision press molding contains B203, Si02, La203, 
Gd203, ZnO, Li20, Zr02 and Ta205 as essential components and 0-1 mol% Sb203 as an 
optional component and substantially does not contain PbO and Lu203 and has a glass 
transition temperature of at most 630°C. In the optical glass, (1) refractive index (nd) and 
Abbe number (vd) satisfy all of the inequalities 1.80<(nd)<1.90, 35<(vd)<50 and (nd)>2.025- 
(0.005x(vd)), or (2) (nd) is larger than 1.85 and (vd) is larger than 35. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is Sb 203 as an indispensable component considering B-2s La [ 03, Si02, and ] 203, 
Gd203, ZnO, Li20, and Zr02 and Ta 205 as an arbitration component. While 0-1 -mol % is included 
Excluding PbO and Lu 203 a parenchyma top, glass transition temperature is 630 degrees C or less, and 
a refractive index nd and Abbe number nud are relational-expression 
1.80<nd<=1.9035<nud<=50nd>=2.025. - (0.005xnud) 
Optical glass for precision press forming characterized by filling all. 

[Claim 2] It is Sb 203 as an indispensable component considering B-2s La [ 03, Si02, and ] 203, 
Gd203, ZnO, Li20, and Zr02 and Ta 205 as an arbitration component. While 0-1-mol % is included 
Optical glass for precision press forming characterized by for glass transition temperature being 630 
degrees C or less, for a refractive index nd being larger than 1.85, and Abbe number nud being larger 
than 35, excluding PbO and Lu 203 a parenchyma top. 

[Claim 3] By a mol % displays, it is B-2 03 as an indispensable component. 15 - 40%, Si02 3 - 25%, La 
203 5 - 20%, Gd 203 5 - 20%, ZnO 2 - 35%, Li20 0.5 - 15%, Zr02 While 0.5 - 15% and 2O50.2 - 10% 
of Ta are included It is W03 as an arbitration component. 0 - 15%Y 2O30 - 8%, Yb 203 0 - 8%, and Sb 
203 Nb 205, and BaO and Ge02 are included in a list 0 to 1%. The sum total content of said 
component is 95% or more, glass transition temperature is 630 degrees C or less, excluding PbO and Lu 
203 on parenchyma, and a refractive index nd and Abbe number nud are relational-expression 
1 .80<nd<=l .9035<nud<=50nd>=2.025. - (0.005xnud) 
Optical glass for precision press forming characterized by filling all. 

[Claim 4] Optical glass for precision press forming according to claim 1, 2, or 3 whose mol % molar 
fractions of the content of La 203 to said sum total content the sum total content of La 203, Gd203, 
Yb203, Y203, and Sc203 is 12-32-mol %, and are 0.35-0.66. 

[Claim 5] Preforming for precision press forming which becomes claim 1 thru/or any 1 term of 4 from 
the optical glass of a publication. 

[Claim 6] The optical element which becomes claim 1 thru/or any 1 term of 4 from the optical glass of a 
publication. 

[Claim 7] The manufacture approach of preforming for precision press forming characterized by flowing 
out the melting glass which becomes claim 1 thru/or any 1 term of 4 from the optical glass of a 
publication from an outflow pipe, separating the melting glass of the amount of Sadashige Tokoro, and 
fabricating the melting glass of said separated amount of Sadashige Tokoro while this glass is in a 
softening condition. 

[Claim 8] The manufacture approach of the optical element characterized by using preforming produced 
by preforming or an approach according to claim 7 according to claim 5 as said preforming in heating 
preforming which consists of optical glass, softening, and manufacturing an optical element by precision 
press forming. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to preforming for precision press forming, optical 
elements, and those manufacture approaches at the optical glass for precision press forming, and a list. 
This invention relates to the manufacture approach of the aforementioned preforming and an optical 
element in more detail at preforming for precision press forming and the optical element which do not 
need machining of grinding, polish, etc. after precision press forming in an optical functional side, for 
example, consist of optical glass of high refractive-index low distribution used for manufacture of 
optical elements, such as an ultraprecise aspheric lens, and this optical glass, and a list. 
[0002] 

[Description of the Prior Art] While high integration of the device which uses optical system by the 
appearance of a digital camera, and advanced features are advanced quickly in recent years, in order for 
the demand of highly-precise-izing, light weight, and miniaturization to optical system to also have 
become strong increasingly and to realize this demand, the optical design which used the aspheric lens is 
becoming in use. For this reason, since the aspheric lens which used highly efficient nature glass is 
supplied adequately in large quantities by low cost, an optical surface is directly formed by press 
forming, the mold forming technique which does not need grinding and a polish process attracts 
attention, and the demand to the optical glass suitable for mold shaping which has highly efficient nature 
(for example, a high refractive index and low distribution / high refractive index, quantity distribution, 
etc.) is continuing increasing every year. 

[0003] Precision press forming of glass is the technique of obtaining the glass mold goods which have a 
final product configuration or a configuration very near it, and profile irregularity using the die which 
has the cavity of a predetermined configuration by carrying out pressing of the glass shaping reserve 
object (preforming) under an elevated temperature, and according to the precision press forming 
concerned, it can manufacture the mold goods of a request configuration under high productivity. For 
this reason, in current, various optical-glass components, such as a spherical lens, an aspheric lens, and a 
diffraction grating, are manufactured by precision press forming. Since it is naturally required to carry 
out pressing of the glass shaping reserve object under an elevated temperature as mentioned above in 
order to obtain optical-glass components by precision press forming, the die used for a press is put to an 
elevated temperature, and high pressure is applied. For this reason, about gob preforming for glass 
shaping, to make the transition temperature Tg and the surrendering point temperature Ts of glass as low 
as possible is desired from a viewpoint of controlling the damage on the mold release film prepared in 
the inside front face of the die itself and the die concerned according to the hot environments of press 
forming. 

[0004] Conventionally, as optical glass which has a high refractive-index low distribution (refractive- 
index nd>1.8 and Abbe number nud> 35) optical constant, the various glass which uses B-2s La [ 03 
and ] 203 etc. as an indispensable component is known, for example, it is indicated by JP,8-217484,A, 
JP,54-90218,A, JP,62- 100449, A, etc. 
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[0005] However, in these optical glass, since the chief aim is put on improvement in devitrification- 
proof nature by each, in order to raise stability, expensive components, such as Lu 203, are 
indispensable, or there is a problem that it is indispensable to contain so much Sb 203 which is the 
component made harmful. Furthermore, since ZnO or Li20 confirmed to the reduction in glass 
transition temperature hardly contained in a presentation which is set to very useful nd>l .8 and Abbe 
number nud>35 on an optical design among the glass presentations currently indicated by these official 
reports, the fitness over mold press forming was low. 

[0006] refractive-index nd>1.8 made very useful on the design of optical system and Abbe number 
nud>35 (however (nd, nud), = (1. 85 35) --) [ thus, ] The optical glass for precision press forming which 
has the optical constant of optical glass which becomes removing the range surrounded by three points, 
(1.8, 45), and (1.8, 35), especially refractive-index nd>1.85, and Abbe number nud>35 is not yet 
proposed. 

[0007] It is thought that developing a presentation for a mold press reducing glass transition temperature 
to a possible field economically since the content of a rare earth component is high and the glass which 
has such an optical constant generally has the low stability to devitrification depends this on it having 
been difficult. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention is the basis of such a situation and aims at 
providing with the manufacture approach of of said preforming and optical element preforming for 
precision press forming and the optical element which consist of optical glass of high refractive-index 
low distribution used for manufacture of the optical element which does not need machining of grinding, 
polish, etc. for an optical functional side after precision press forming, and this optical glass, and a list. 
[0009] 

[Means for Solving the Problem] this invention persons came to complete this invention for the ability 
of that purpose to be attained based on a header and this knowledge including the specific component 
with the optical glass which has the glass transition temperature below a certain value, and a specific 
optical constant as an indispensable component, as a result of repeating research wholeheartedly, in 
order to attain said purpose. 

[0010] That is, this invention is Sb 203 as (1) indispensable component considering B-2s La [ 03 Si02, 
and ] 203, Gd203, ZnO, Li20, and Zr02 and Ta 205 as an arbitration component. While 0-1-mol % is 
included Excluding PbO and Lu 203 a parenchyma top, glass transition temperature is 630 degrees C or 
less, and a refractive index nd and Abbe number nud are relational-expression 
1.80<nd<=1.9035<nud<=50nd>=2.025. - (0.005xnud) 

The optical glass for precision press forming (optical-glass I is called hereafter.), [001 1] which are 
characterized by filling all (2) It is Sb 203 as an indispensable component considering B-2s La [ 03, 
Si02, and ] 203, Gd203, ZnO, Li20, and Zr02 and Ta 205 as an arbitration component. While 0-1- 
mol % is included Optical glass for precision press forming characterized by for glass transition 
temperature being 630 degrees C or less, for a refractive index nd being larger than 1.85, and Abbe 
number nud being larger than 35, excluding PbO and Lu 203 a parenchyma top (optical glass II is called 
hereafter.) [0012] (3) By a mol % displays, it is B-2 03 as an indispensable component. 15 - 40%, Si02 
3 - 25%, La 203 5 - 20%, Gd 203 5 - 20%, ZnO 2 - 35%, Li20 0.5 - 15%, Zr02 0.5 - 15%, and Ta 205 
While 0.2 - 10% is included It is W03 as an arbitration component. 0 - 15%, Y203 0 - 8%, Yb 203 0 - 
8%, and Sb 203 Nb 205, and BaO and Ge02 are included in a list 0 to 1%. The sum total content of 
said component is 95% or more, glass transition temperature is 630 degrees C or less, excluding PbO 
and Lu 203 on parenchyma, and a refractive index nd and Abbe number nud are relational-expression 
1 .80<nd<=l .9035<nud<=50nd>=2.025. - (0.005xnud) 

The optical glass for precision press forming (optical glass III is called hereafter.), [0013] which are 
characterized by filling all (4) The sum total content of La 203, Gd203, Yb203, Y203, and Sc203 is 
12-32-mol %. And the above whose mol % molar fractions of the content of La 203 to said sum total 
content are 0.35-0.66 (1), (2) Or preforming for precision press forming which becomes any 1 term of 
the optical glass for precision press forming given in (3) terms, (5) above (1), or (4) terms from the 
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optical glass of a publication, (6) The optical element which becomes any 1 term of the above (1) thru/or 
(4) terms from the optical glass of a publication, [0014] (7) The melting glass which becomes any 1 term 
of the above (1) thru/or (4) terms from the optical glass of a publication It flows out from an outflow 
pipe and the melting glass of the amount of Sadashige Tokoro is separated. The melting glass of said 
separated amount of Sadashige Tokoro The manufacture approach of preforming for precision press 
forming characterized by fabricating while this glass is in a softening condition, Preforming which 
consists of (8) optical glass is heated, and it softens, and are in charge of manufacturing an optical 
element by precision press forming. And as said preforming The manufacture approach of the optical 
element characterized by using preforming produced by preforming given in the above-mentioned (5) 
term or the approach given in the above-mentioned (7) term is offered. 
[0015] 

[Embodiment of the Invention] By imprinting the shaping side of a press-forming mold for the glass 
material of said condition at a precision by heating a glass material, considering as the condition in 
which press forming is possible, and carrying out press forming to press forming in this invention using 
a press-forming mold Even if it does not machine grinding, polish, etc. to mold goods after press 
forming, it is the press-forming method which can produce the target goods (final product), and it is 
used when fabricating optical elements (for example, a lens, prism, etc.) generally. In precision press 
forming of an optical element, the shaping side of a press-forming mold is imprinted to a precision, and 
an optical functional side (field which achieves an optical function like the field which is made to pass 
the beam of light used as the controlled system of an optical element, or is reflected) is formed, and it 
becomes possible to demonstrate the engine performance as an optical functional side, for example, 
without machining to an optical functional side at least after press forming. Generally the approach of 
carrying out press forming of the optical element by such approach is called mall dope tex shaping, and 
in the optical functional side, since it is not necessary to grind, especially precision press forming of an 
aspheric lens serves as grinding and an approach excellent in productivity in the aspheric surface. 
[0016] Although precision press forming is the approach of mass-producing the goods with which high 
profile irregularity like an optical element in this way and internal quality are demanded on the basis of 
high productivity, the glass used as the candidate for adaptation is restricted to what will be in the 
condition which can be deformed plastically at comparatively low temperature. When glass with a high 
glass transition temperature is used, in the case of precision press forming, it will be put to an elevated 
temperature, and consumption of said shaping side becomes intense, or breakage will also produce the 
shaping side of a press-forming mold. In precision press forming, even if a minute defect arises in the 
shaping side of a press-forming mold, the optical functional side of an optical element the defect of 
whose is a final product will imprint, and the engine performance as an optical element will be spoiled. 
Therefore, the glass transition temperature of usable glass is restricted to 630 degrees C or less. 
[0017] There are three modes, optical-glass I, optical glass II, and optical glass III, in the optical glass of 
this invention, and optical-glass [ of this invention ] I is explained first. While optical-glass I of this 
invention contains B-2s La [ 03, Si02, and ] 203, Gd203, ZnO, Li20, and Zr02 and Ta 205 as an 
indispensable component and contains 2O30-l-mol % of Sb(s) as an arbitration component Excluding 
PbO and Lu 203 a parenchyma top, glass transition temperature is 630 degrees C or less, and a 
refractive index nd and Abbe number nud are relational-expression 
1 .80<nd<=l .9035<nud<=50nd>=2.025. - (0.005xnud) 
It is glass which fills all. 

[0018] In this optical-glass I, it is as the above-mentioned explanation about the reason glass transition 
temperature is 630 degrees C or less. Moreover, when the refractive index nd of an optical constant and 
Abbe number nud need to be the high refractive-index low distribution which fills each of three above- 
mentioned relational expression and this is shown in drawing, in drawing 1 , it will be shown by the 
slash and nd and nud will exist in ndl .80 and the field except nud35. In addition, in drawing 1 , an axis 
of abscissa is Abbe number nud, and an axis of ordinate is a refractive index nd. 
[0019] Although there is especially no limit, it is [ that the optical glass with which glass transition 
temperature is 630 degrees C or less, and a refractive index nd and Abbe number nud fill said three 
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relational expression about the content of each indispensable component in the optical-glass I concerned 
should just be obtained ] desirable that it is a content in the below-mentioned optical glass III. In 
addition, an operation of each indispensable component is explained in the below-mentioned optical 
glass III. 

[0020] Although Sb 203 of the arbitration component in the optical-glass I concerned is used as a 
defoaming agent, effectiveness sufficient less than [ 1 mol % ] is acquired. Moreover, if the content of 
Sb 203 increases, a possibility that the shaping side of a press-forming mold may receive damage at the 
time of precision press forming will arise. Therefore, the amount of installation is limited to less than [ 1 
mol%]. 

[0021] Moreover, in the optical-glass I concerned, PbO and Lu 203 are not included on parenchyma. 
Here, it means that what was blended artificially is not included even if what is mixed as an impurity 
unescapable is unavoidable, if not contained on parenchyma. Generally, although precision press 
forming is performed in non-oxidizing atmospheres, such as nitrogen-gas-atmosphere mind, for the 
purpose of shaping side protection of a press-forming mold etc., cloudiness will produce PbO on the 
surface of mold goods with the sludge by the reduction at the time of precision press forming for the 
component which is easy to be returned. Moreover, since it is also the matter which is not desirable on 
an environment, PbO is eliminated. Generally operating frequency is low to Lu 203 as a component of 
optical glass compared with other components. Moreover, since it is also the high matter of scarcity 
value, as an optical-glass raw material, it is a large sum, and from a cost side, it is a component not to 
use. Since optical-glass I of this invention combines the above-mentioned property and the stability as 
glass, it eliminates unnecessary Lu 203. 

[0022] Next, the optical glass II of this invention is Sb 203 as an indispensable component considering 
B-2s La [ 03 Si02, and ] 203, Gd203, ZnO, Li20, and Zr02 and Ta 205 as an arbitration component. 
While 0-1 -mol % is included Glass transition temperature is 630 degrees C or less, excluding PbO and 
Lu 203 on parenchyma, a refractive index nd is larger than 1.85, and Abbe number nud is bigger glass 
than 35. 

[0023] In this optical glass II, it is as the above-mentioned explanation about the reason glass transition 
temperature is 630 degrees C or less. Moreover, a refractive index nd is larger than 1 .85, and it is 
required for Abbe number nud to be bigger high refractive-index low distribution than 35. 
[0024] Although there is especially no limit, it is [ that glass transition temperature is 630 degrees C or 
less, and a refractive index nd is larger than 1.85, and Abbe number nud or bigger optical glass than 35 
should just be obtained about the content of each indispensable component in the optical glass II 
concerned ] desirable that it is a content in the below-mentioned optical glass III. In addition, an 
operation of each indispensable component is explained in the below-mentioned optical glass III. 
[0025] It is as having explained Sb 203 of the arbitration component in the optical glass II concerned in 
said optical-glass I. Moreover, in the optical glass II concerned, PbO and Lu 203 are not included on 
parenchyma. It is as having also explained this in said optical-glass I. 

[0026] The optical glass III of this invention is a mol % displays. As an indispensable component 
Furthermore, B-203 15-40%, Si02 3 - 25%, La 203 5 - 20%, Gd 203 5 - 20%, ZnO 2 - 35%, Li20 0.5 - 
15%, Zr02 0.5 - 15%, and Ta 205 While 0.2 - 10% is included It is 30 - 15% of WO(s), and Y203 as 
an arbitration component. 0 - 8%, Yb 203 0 - 8%, and Sb 203 Nb 205, and BaO and Ge02 are 
included in a list 0 to 1%. The sum total content of said component is 95% or more, glass transition 
temperature is 630 degrees C or less, excluding PbO and Lu 203 on parenchyma, and a refractive index 
nd and Abbe number nud are relational-expression 1.80<nd<=1.9035<nud<=50nd>=2.025. - 
(0.005xnud) 
It is glass which fills all. 

[0027] In this optical glass III, it is as the above-mentioned explanation about the reason glass transition 
temperature is 630 degrees C or less. Moreover, the refractive index nd of an optical constant and Abbe 
number nud need to be the high refractive-index low distribution which fills each of three above- 
mentioned relational expression like said optical-glass I. In addition, the above-mentioned presentation 
range is found out in experimental science. Moreover, the display of the content shown below is mol%. 
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[0028] B-2 03 is the network structure formation oxide of glass, and is an indispensable component in 
the optical glass (I, II, III) of this invention. Although it is necessary to use B-2 03 as the main network 
configuration components for formation of glass when introducing many high refractive-index 
components, such as La 203 and Gd203, especially If it introduces exceeding 40%, since the refractive 
index of glass will fall, and sufficient stability cannot be acquired to devitrification to stopping being 
suitable for the purpose of obtaining high refraction glass at less than 15% and melting nature will fall, 
15 - 40% of the amount of installation is desirable. It is 20 - 37% of range more preferably. 
[0029] Although Si02 is the formation object of the glass network structure, it will reduce the liquid 
phase temperature of glass, will also raise elevated-temperature viscosity and will raise the stability of 
glass greatly further like B-2 03 if it permutes by principal component B-2 03 and carries out little 
addition to the glass which contains La 203 and Gd 203 so much At less than 3%, if the above 
effectiveness becomes thin and introduces mostly exceeding 25% conversely, since in addition to the 
refractive index of glass falling glass transition temperature will become high and a precision press will 
become difficult, the amount of installation has 3 - 25% of desirable range. It is 5 - 20% of range more 
preferably. 

[0030] La 203 is an indispensable component which makes a refractive index high, without raising 
distribution, without falling the stability over devitrification of glass as mentioned above, and raises 
chemical durability. However, since the stability over devitrification will get worse remarkably to 
effectiveness sufficient at less than 5% not being acquired if it exceeds 20%, the amount of installation 
has 5 - 20% of desirable range. It is 7 - 18% of range more preferably. 

[0031] Gd 203 serves to raise the refractive index and chemistry endurance of glass like La 203, 
without getting worse the stability and the property of low distribution over devitrification of glass. 
However, if it exceeds 20% to effectiveness with the content of Gd 203 sufficient at less than 5% not 
being acquired, since the stability over devitrification will also get worse, glass transition temperature 
will rise and precision press forming will also become difficult, the amount of installation has 5 - 20% of 
desirable range. It is 7 - 18% of range still more preferably 6 to 18% more preferably. 
[0032] In B-203-Si02-La203-Gd203-ZnO-Li2 0-Zr02-Ta205 system glass, in order to maintain the 
highly efficient nature of high refractive-index low distribution (refractive-index nd>1.8 and Abbe 
number nud> 35), the total quantity of La203+Gd 203 is usually more preferably made into 12 - 32% 
12% or more. 

[0033] the content by a mol % displays of La 203 to the sum total content by a mol % displays of the 
lanthanoids oxide Ln 203 (Ln=La, Gd, Yb, Y, Sc) in glass - comparatively (molar fraction) - it is - as 
for 203/sigmaLn 203 of La(s), 0.35-0.66 are desirable, and it is the range of 0.45-0.66 more preferably. 
The reason is explained below. 

[0034] Although given, the fitness, i.e., the low glass transition temperature, of precision press forming, 
since it is necessary to add Li20 which is the component which makes glass unstable as glass for 
precision press forming, glass formation will become impossible if the addition of an indispensable 
lanthanoids oxide is increased to a high refractive index and low dispersibility. Therefore, generally an 
addition (sigmaLn 203) is restricted. 

[0035] However, it found out that it becomes possible to obtain stable glass while this invention persons 
increase the addition of a lanthanoids system oxide by adding lanthanoids oxides other than La203 so 
that the molar fraction of La 203 may be set to 0.35-0.66, and it became possible to carry out glass 
formation to stability also to the glass which added components, such as Li20 to which stability is 
reduced. Moreover, it was also shown clearly by maintaining this ratio that it contributes to the fall of 
liquid phase temperature, and the improvement in elevated-temperature viscosity greatly. That is, when 
it was in the range of La2O3/sigmaLn2O3=0.35-0.66, the total quantity of sigmaLn 203 was the same, 
and it became possible to obtain far stable glass as compared with the case where the ratio is large. 
Furthermore, it is desirable by the reason for the above to make the sum total content (sigmaLn 203) of 
La 203, Gd203, Yb203, Y203, and Sc203 into 12 - 32%. 

[0036] Although it is the indispensable component which ZnO reduces the melting temperature, liquid 
phase temperature, and transition temperature of glass, and is indispensable also to adjustment of a 
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refractive index, if it introduces to the effectiveness that the above was expected not being acquired 
exceeding 35%, since distribution will also become large, the stability over devitrification will also get 
worse and chemical durability will also fall, at less than 2%, the amount of installation has 2-35% of 
desirable range. It is 5 - 32% of range more preferably. 

[0037] Li20 is a component for which the transition temperature of glass is sharply reduced with the 
decline in a large refractive index, and the fall of chemical durability compared with other alkali-metal 
oxide components. When introducing, the effectiveness is large, and it is especially little and is an 
effective component for adjusting the thermal physical properties of glass. However, if much Li20 is 
introduced from 15% to a thing with the addition effectiveness of Li20 thin at less than 0.5%, since the 
stability over devitrification of glass will fall rapidly and liquid phase temperature will also rise, the 
amount of installation has 0.5 - 15% of desirable range. It is 2 - 12% of range still more preferably 1 to 
12% more preferably. 

[0038] As for each of ZnO(s) and Li20, it is desirable to make the total amount ZnO+Li20 more than 
10 mol %, since it is the component for which glass transition temperature is reduced, and it is still more 
desirable to carry out to more than 15 mol %. 

[0039] Zr02 is used as a component of a high refractive index and low distribution. Since it is effective 
in improving elevated-temperature viscosity and the stability over devitrification, without reducing the 
refractive index of glass by introducing little Zr02, it is desirable to introduce little Zr02. However, if 
the addition effectiveness of Zr02 receives not being obtained and introduces mostly exceeding 15% at 
less than 0.5%, since liquid phase temperature will rise rapidly and the stability over devitrification will 
also get worse, the amount of installation has 0.5 - 15% of desirable range. It is 1 - 10% of range more 
preferably. 

[0040] Ta 205 is used as a component of a high refractive index and low distribution. Since it is 
effective in improving elevated-temperature viscosity and the stability over devitrification, without 
reducing the refractive index of glass by introducing little Ta 205, it is desirable to introduce little Zr02. 
However, if the addition effectiveness of Ta 205 receives not being obtained at less than 0.2% and it 
introduces mostly exceeding 10%, since liquid phase temperature will rise rapidly and will become large 
[ distribution ], the amount of installation has 0.2 - 10% of desirable range. It is 1 - 8% of range more 
preferably. 

[0041] In order that W03 may improve the stability of glass, and melting nature and may raise a 
refractive index, it is the component introduced suitably, but if the amount of installation exceeds 15%, 
since distribution will become large and a required low distribution property will no longer be acquired, 
15% or less of the amount of installation is desirable. It is 12% or less more preferably. 
[0042] Since Y203, Yb203, and BaO are used as a component of a high refractive index and low 
distribution, and there is a fault which the stability over devitrification of glass is spoiled [ fault ] greatly 
and raises transition temperature and surrendering point temperature when it introduces more mostly 
than 8% although the stability of glass is raised and chemical durability is raised when carrying out little 
installation, it is desirable to stop the amount of installation to 8% or less, respectively. It is 7% or less 
more preferably. 

[0043] In order that Nb 205 may improve the stability and the refractive index of glass, it is the 
component introduced suitably, but if the amount of installation exceeds 8%, since distribution will 
become large and a required low distribution property will no longer be acquired, 8% or less of the 
amount of installation is desirable. It is 5% or less more preferably. 

[0044] Like Si02, Ge02 stabilizes glass, it is the component which gives a high refractive index rather 
than Si02, and when making a high refractive index attain, it is introduced suitably. However, it is 
expensive, and in order to enlarge distribution, 8% or less of the amount used is desirable. Moreover, it 
is as having explained Sb 203, and PbO and Lu 203 in said optical-glass I. 

[0045] using the component of the arbitration of the above-mentioned presentation range suitably -- the 
above, although the property shown as a desirable reason and the optical glass which has a property are 
obtained The presentation range more desirable especially is B-2 03. 20 - 37%, Si02 5 - 20%, La 203 7 
- 18%, Gd 203 6 - 18%, ZnO 5 - 32%, Li20 1 - 12%, 21 - 10% of ZrO(s), Ta 205 1 - 8%, W03 0 - 
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12%, Y203 0 - 7%, Yb 203 0 - 7%, Nb 205 0 - 5%, BaO 0 - 7%, Ge02 0 - 8%, and Sb 203 La 203 
and the sum total content of Gd203 are 12 - 32% including 0 - 1%, and 203/sigmaLn(s) 203 of La(s) 
are 0.45-0.66. Especially the desirable presentation range is B-2 03. 20 - 37%, Si02 5 - 20%, La 203 7 

- 18%, Gd 203 7 - 18%, ZnO 5 - 32%, Li20 2 - 12%, Zr02 1 - 10%, Ta 205 1 - 8%, W03 0 - 12%, 
Y203 0 - 7%, Yb 203 0 - 7%, Nb 205 0 - 5%, BaO 0 - 7%, 20 - 8% of GeO(s), Sb 203 La 203 and the 
sum total content of Gd203 are 12 - 32% including 0 - 1%, and 203/sigmaLn(s) 203 of La(s) are 0.45- 
0.66. 

[0046] In addition, in the above-mentioned presentation range and the more desirable presentation 
range, and the especially desirable presentation range, although it is important to contain the total 
quantity of the above-mentioned component to at least 95% or more, obtaining the optical property of a 
request of glass in order to maintain stability For physical-properties adjustment, the component of 
others, such as 5% or less of Na20, K20, CaO, SrO, Ti02 and aluminum 203, and Ga203, may be 
introduced with the total quantity. 

[0047] furthermore, the above-mentioned presentation range and the more desirable presentation range - 

- setting - B-2s 03, Si02, ZnO, and Li2 ~ O, La 203, Gd203, and Zr02 and Ta2 - it is more desirable 
that the sum total content of 05, W03, Y203, and Yb203 is 95% or more, it is still more desirable that 
it is 99% or more, and it is much more desirable that it is 100%. 

[0048] As for the optical glass (I, II, III) of this invention, it is still more desirable not to include 
poisonous elements, such as radioactive elements, such as an element which poses environment top 
problems, such as cadmium, and thorium, and an arsenic. Moreover, it is desirable not to include a 
fluorine from problems, such as volatilization at the time of glass melting,, either. 
[0049] The optical glass (I, II, III) of this invention can prepare a raw material compound with a 
conventional method, and can manufacture it the dissolution, founding, and by agitating and equalizing. 
Moreover, after cooling radiationally the glass melt from which the optical glass (I, II, III) of this 
invention is obtained to the transition point temperature of a sink and glass to the 40x70x1 5mm metal 
mold made from carbon, and annealing with the transition temperature of glass for 1 hour, a crystal 
observable under a microscope in the glass cooled radiationally to the room temperature does not 
deposit. Thus, the stability of the optical glass (I, II, III) of this invention is excellent. In addition, the 
optical glass of this invention is transparent in a light field, and suitable for the optical element of a lens, 
prism, and others. 

[0050] Next, preforming for precision press forming which consists of the above-mentioned optical 
glass (I, II, III), and its manufacture approach are explained. Preforming for precision press forming is a 
glass material with which is heated and precision press forming is presented and which was fabricated 
beforehand. As explained previously, precision press forming forms an optical functional side by press 
forming, and produces the optical element which is a final product, without performing grinding and 
polish processing. Therefore, when not performing removal processing, such as grinding and polish, to 
any parts other than the optical functional side of a precision press-forming article, weight of preforming 
is made equal to the weight of a final product (the weight of a precision press-forming article is also 
equal to said weight.). When based on the weight of the target precision press-forming article, if the 
weight of preforming is too small, the shaping side of a press-forming mold is not enough filled up with 
glass at the time of precision press forming, but desired profile irregularity will not be acquired or 
problems, like the thickness of mold goods becomes thinner than desired thickness will arise. Moreover, 
if the weight of preforming is too large, excessive glass enters the clearance between press-forming 
molds, shaping weld flash will be produced or problems, like the thickness of mold goods becomes 
thicker than desired thickness will arise. Therefore, it is necessary to manage the weight of preforming 
for precision press forming to a precision rather than the common glass material for press forming which 
finishes an optical functional side etc. by grinding, polish, etc. after press forming. Furthermore, in order 
that the front face of preforming may remain in a final product as a front face of a press-forming article 
in the case of preforming for precision press forming, it is required that there is neither a crack nor dirt 
on the surface of preforming. 

[0051] Melting glass is flowed out, the melting glass lump of request weight separates as the 
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manufacture approach of such preforming for precision press forming, and there is the approach 
(henceforth a cold-working method) of cooling and machining what cast the approach (henceforth a hot- 
forming method) of fabricating the melting glass lump to preforming or melting glass in the mold, and 
fabricated it in the magnitude of a request of the obtained glass lump etc. 

[0052] Melting, founding, and the melting glass in which it homogenized, for example, the viscosity of 
the temperature of about 1000-1400 degrees C and 0.1-5 dPa-s extent is shown are prepared, a 
temperature control is carried out and it discharges from an outflow nozzle or an outflow pipe so that it 
may become the viscosity of 3 - 60 dPa-s extent, and it fabricates by the hot- forming method to 
preforming. As the approach of a temperature control, the approach of controlling the temperature of an 
outflow nozzle and an outflow pipe can be illustrated. As the quality of the material of an outflow nozzle 
and an outflow pipe, platinum or a platinum alloy is desirable. As the concrete shaping approach, 
melting glass is dropped as a melting glass drop of request weight from an outflow nozzle. The approach 
of receiving it, receiving by the member and fabricating to preforming, the approach of trickling the 
melting glass drop of request weight into liquid nitrogen etc. from said outflow nozzle similarly, and 
fabricating preforming, Make it flow down a melting glass style, receive the point of a melting glass 
style, and it receives from the outflow pipe made from platinum or a platinum alloy by the member. 
After winning popularity with the nozzle of a melting glass style and forming a neck between members, 
there is the approach of separating and receiving a melting glass style in a neck, and fabricating in 
response to the melting glass lump of request weight at preforming to a member etc. When melting glass 
is dropped, as viscosity of glass, 3-30 dPa-s is desirable, and when flowing down melting glass as a 
melting glass style, as viscosity of glass, 2 - 60 dPa-s is desirable. 

[0053] Although what is necessary is just to decide the configuration of preforming in consideration of 
the configuration of a precision press- forming article, it can illustrate the shape of a globular shape and 
an ellipse ball etc. as a suitable configuration. Moreover, since the front face of preforming is formed 
when glass is in the temperature more than softening temperature, hot forming tends to obtain a smooth 
front face. It can fabricate to preforming, surfacing a melting glass lump with a wind pressure on a die 
etc. especially, or preforming which has a smooth front face without deterioration of a crack, dirt, and a 
front face etc., for example, the free surface, can be easily produced under ordinary temperature, such as 
liquid nitrogen, and ordinary pressure by the approach of putting in a melting glass drop into the 
medium which cooled the gaseous matter and was used as the liquid, and fabricating to preforming. 
[0054] On the other hand, by the cold-working method, after slushing melting, founding, and the 
homogenized melting glass into mold etc., fabricating and annealing it to the shape of a glass block as 
mentioned above for example, and reducing distortion, a desired dimension or the glass lump of weight 
is produced by machining of cutting etc., the process which makes a front face smooth is performed, and 
preforming is obtained. 

[0055] Next, how to carry out precision press forming of such preforming, and produce an optical 
element is explained. Although the press-forming mold beforehand processed into the configuration of a 
request of a shaping side with high precision is used in precision press forming, in order to prevent the 
welding of the glass at the time of a press, the mold release film may be formed in a shaping side. Since 
precision press forming prevents damage by oxidation of a die shaping side etc., well-known approaches 
also including also carrying out in non-oxidizing gas ambient atmospheres, such as nitrogen gas, can be 
used for it. 

[0056] Thus, optical elements, such as various lenses, such as a spherical lens which consists of optical 
glass (I, II, III) of this invention, an aspheric lens, a micro lens, a lens array, and a micro-lens array, 
prism, and a polygon mirror, can be produced, without machining to an optical functional side. 
[0057] 

[Example] Hereafter, although an example explains this invention still more concretely, this invention is 
not limited to these examples. 

The oxide which carries out considerable as a raw material, respectively so that it may become the glass 
presentation shown in one to example 58 Table 1 - 6, SiO(s)23, for example, H3BO, such as a 
carbonate, a sulfate, a nitrate, and a hydroxide, La203, ZnO, 250-300g weighing capacity was carried 
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out using ZnC03, Zr02, Li2C03, etc., and it fully mixed, and accomplished with the preparation batch, 
and this was put into the platinum crucible, and melting of glass was performed in air for 2 to 4 hours, 
stirring in the electric furnace held at 1200-1450 degrees C. After melting, after cooling glass melt 
radiationally to the transition point temperature of a sink and glass to the 40x70x1 5mm metal mold 
made from carbon, putting into the annealing furnace immediately and annealing in the transition- 
temperature range of glass for about 1 hour, it cooled radiationally to the room temperature in the 
furnace, and optical glass was obtained. The crystal observable under a microscope did not deposit in the 
obtained optical glass. 

[0058] In addition, the property of optical glass was measured by the approach shown below. The result 
is shown in Table 1-6. 

(1) A refractive index (nd) and the Abbe number (nud) 

The optical glass held at the temperature between Tg-Ts was measured about the optical glass obtained 
by setting a temperature fall rate to -30 degrees C/hr. 

(2) Transition temperature (Tg) and surrendering point temperature (Ts) 

The programming rate was measured as 4 degrees C / min with the apparatus for thermomechanical 
analysis of Rigaku Corp. 
[0059] 
[Table 1] 
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[0065] Thus, including B-2s La [ 03 Si02, and ] 203, Gd203, ZnO, Li20, and Zr02 and Ta 205, glass 
transition temperature is 630 degrees C or less, and a refractive index nd and Abbe number nud are 
relational-expression 1.80<nd<=1.9035<nud<=50nd>=2.025. - (0.005xnud) 
The optical glass for precision press forming which fills all can be obtained. 

[0066] Preforming for precision press forming which consists of each optical glass of an example 59, 
next examples 1-58 was produced as follows. First, the melting glass with which the above-mentioned 
optical glass is obtained was received from the outflow nozzle made from a platinum alloy by which 
prepared melting, founding, and by homogenizing and the temperature control was carried out, and was 
dropped at the member, and blowing off gas from the gas port established in the pars basilaris ossis 
occipitalis of this crevice towards the upper part in the crevice of a receptacle member, it rose to surface, 
the received melting glass drop was rotated, and it fabricated to spherical preforming (approach 1). 
Without the weight of obtained preforming having been in agreement with the weight of the final 
product made into the purpose, and devitrifying, the front face was smooth and was a thing without 
defects, such as a crack, dirt, and deterioration. 

[0067] Next, like the above-mentioned approach, the melting glass drop was dropped at liquid nitrogen 
from the outflow nozzle, and the same spherical preforming was fabricated (approach 2). Like [ this 
preforming ] the above-mentioned approach, without devitrifying, the front face where weight precision 
is high was smooth, and it was a thing without a defect. 

[0068] When it was made to flow down the above-mentioned melting glass as a melting glass style from 
an outflow pipe, and the lower limit section is received, the vena contracta is made in the middle of the 
melting glass style which wins popularity and flows down with a mold and the weight of the glass below 
the vena contracta reaches a predetermined value this time The melting glass lump of said weight which 
the melting glass style was separated in the narrow part, and dissociated was received, and it fabricated 
to preforming using the mold (approach 3). Like [ this preforming ] the above-mentioned approach, 
without devitrifying, the front face where weight precision is high was smooth, and it was a thing 
without a defect. 
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[0069] Spherical preforming which consists of various optical glass of the examples 1-58 acquired by 
the approach 1 of example 60 example 59 was heated, and the aspheric lens was obtained by carrying 
out precision press forming (aspheric surface precision press) using the press equipment shown in 
drawing 2 . 

[0070] The detail of precision press forming is a passage next. After putting the above-mentioned 
preforming 4 between the female mold 2 made from SiC and the punches 1 which have an aspheric 
surface configuration, it energized at the heater 12 by having made the inside of a quartz tube 1 1 into 
nitrogen-gas-atmosphere mind, and the inside of a quartz tube 1 1 was heated. Having set the 
temperature inside shaping metal mold as the surrendering point temperature of +20-80 degrees C of 
glass, and the becoming temperature, and maintaining this temperature, the push rod 13 was dropped, 
the punch 1 was pushed, and press forming of the fabricated glass lump in shaping mold was carried out. 
Compacting pressure was reduced after the press which made compacting pressure to 8Mpa(s) and made 
cycle time 30 seconds, and in the condition [ having made female mold 2 and a punch 1 contact freely ], 
the moldings of the glass by which aspheric surface press forming was carried out was annealed by 
temperature with a transition temperature [ of glass ] of -30 degrees C, and, subsequently was quenched 
to the room temperature. The glass fabricated by the aspheric lens .after that was picked out from shaping 
metal mold, and measurement and visual inspection of a configuration were conducted. The obtained 
aspheric lens was a lens with a very high precision. In addition, for a sign 3, as for a bearing bar and 10, 
in drawing 2 , a guidance mold (mold) and 9 are [ susceptor and 14 ] heat conductive pairs. 
[0071] The aspheric lens was obtained by precision press forming using preforming which consists of 
various optical glass of examples 1-58 similarly fabricated by the approach 2 of an example 59, and the 
approach 3. The obtained aspheric lens was a lens with a very high precision as well as the above- 
mentioned lens. What is necessary is just to decide the configuration of preforming, and a dimension 
suitably with the configuration of the precision press-forming article which it is going to produce etc., 
although each preforming used by this example is spherical and a diameter is 2-3 0mm. 
[0072] In addition, if the press-forming mold set by the configuration of a final product is used, optical 
elements, such as other lenses or prism, and a polygon mirror, are also producible. Optical multilayers, 
such as an antireflection film or high reflective film, can also be formed in the optical functional side of 
the obtained optical element if needed. 
[0073] 

[Effect of the Invention] According to this invention, the optical glass for precision press forming which 
does not need machining of grinding, polish, etc. after precision press forming in an optical functional 
side, for example, has the high refractive-index property and the low distribution property of being used 
for manufacture of optical elements, such as an ultraprecise aspheric lens, can be offered. 
[0074] Moreover, according to this invention, the manufacture approach of the optical element which 
produces optical elements, such as an aspheric lens, with sufficient mass-production nature by precision 
press forming using the optical element which consists of preforming for precision press forming which 
consists of the above-mentioned optical glass, its manufacture approach, and the above-mentioned 
optical glass, and the above-mentioned preforming can be offered. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/28/2004 



(19)B#@#fttf (JP) (12) ^ §f) Ofe ^ $g (A) Ul)*ttttiB£M#* 

#^2003 - 267748 
(P2003 - 267748 A) 

(43)&Sj B ¥^15^ 9 J325 B (2003. 9. 25) 

(5i)inta.' ikrkbo f i ?-n-r(##) 

C 0 3 C 3/068 C 0 3 C 3/068 4 G 0 6 2 



C 0 3 B 11/00 




C0 3B 11/00 C 




G 0 2 B 1/00 




G 0 2B 


1/00 










* SS*SlCDi&8 OL 


(4 16 JO 


(21)ffl|g#^ 


&K2002 - 74322C P2002 - 74322) 


(71)tBIPA 


0001 13263 










HOYA&St^it 




(22)tfcIBB 


W-f&Uit 3 M 18 B (2002. 3. 18) 




SSIi!lliiE4'iS^2TB7 : 








(72)^6M# 


# 








































JK3§«P«r«Kt , «-&2TB 7: 


















(74) ttSI A 


100080850 

























(57) [gsft] 

C»^¥S3 ^jfi»^LTB2 03, S i 02, L32 

03. Gd?03. ZnO. L i?0, Z r O2 43 <£C C T a 2 

o 5 £. eatrii^i: its b ? 03 0—1* 

fcfcfcfc. P bO*3«tlfL u?03£*J?±-&£-r> fro 
# ^>UE#i&ft# 6 3 0 , CWTT S * ( 1 ) SAt* n 

1. 9 0. 3 5 < v d <5 Ofcitfn d ^ 2. 0 2 5- 

(0. oosxvd) sv^nfestfc-r. ssirHi 

(2) ndtfl. 85J:t)t^<, vd#35J:t)t 



7 

[■W&Kl] i&ajSR^fcLTB»03, S i 02. La? 
03. Gd20s. ZnO. L izO, ZrOp^oitfTaz 

os*. eacflc»i:UTs b?03 o-iwo^ 

3ff^lE»a*W6 3 0T;«T"e*9. IffifndW 
tfjy^v dfr. HflBC 

1 . 8 0 < n d ^ 1 . 90 
35<vd^50 

n d > 2 . 025- (0. OOSXvd) 

[IS3<^2] LTB 2 03. S i 02. La? 

03. Gd 2 03. ZnO. Li20. Z r 02 T a 2 

Os*. tt*ja#i:LTS b?03 o~ i *rt/%*-at* 
fcfcfelc. PbOto^t/L U 2 03*^S±^^-T. fro 
«7XK»IM#6 3 OtWTTfeD. HSrapn dfr 
]. 85J;DWf<, 77^fSvdtf3 5J:H^ 

15 — 40%. S i 02 3 — 25%. La20s 5 — 

2 0%. Gd? 03 5 — 2 0%. ZnO 2 — 3 5%. 
Li?0 0. 5 — 15%. ZrO? 0. 5— 1 5 %*5 
<J:tfT a20s0. 2- 1 0%*<£&t £&lc. &Mf£ti 
i:LTW03 0—1 5%. Y2O3O — 8%. Yb?03 

0 — 8 %*5<fctf S b2 03 0— 1 %3ttfJcN b?05. 
BaO^lfGe 02*^. IflEJiR^O'&th&IMfr 
9 5%1^±T3doT. P b 0*5<fcD"L u? Os^SSl^ 
$-T. frOtf^XfiSiSffifr 6 3 OWTTfctK SJ/f 

3. 8 0 < n d ^ 1 . 90 
35<vd£50 

n d > 2 . 025- (0. OOSXvd) 

[H§^4] La 2 03. Gd 2 03. Yb20s. Y2O3 
4o£CfS C2 03<0-£-§f^fSfr 1 2-3 2^1/%T*$» 
9 . frOHuE-&H-S#Sfc*frs L a 2 Os^^fflcO^: 
;!/%#3*fr0. 3 5-0. 6 6T?*S88^K 2£7c 

cbsaRji 5 ] isaRxm i^i4 ov^-rnfr i ^mcek 
^ 7t * # 5 x fr e, * & m ae 7 0 u x ^ ji ? « y u 7 * - a o 
im&m e 3 hm&b \r^L4 covvrnfr 1 «teiE« 

imxm 7 ] 1 ftv> l 4 ov^-rnfr i mictzm 

ic jflcJB-r £ £ £ * *#» £ "T & MS 7' UX^iffi 7* U 7 * 



(2) #132 0 0 3-2 6 7 7 4 8 

2 

[§B3<JJi8] 7 , c^^Xfre>ft^rU7^-A*SD 
fcSfct). tufe7 c U7^--A^bT. W*«5fc:IH«© 

7 4 y 7 * - a a fc tt gft&s 7 tere«<o*i£ tc * 9 vm * 

[00 01] 
[0 0 0 2] 

JSJfT*-<S»1ft/lKS»rsp • 

[0003] «r9^o«KB^xflc»tt. HSSSBtt©* 
SJSSifiiJB « StcteZ ft tc «S T ifit ^«*5 cfc OffiWfl 

Hifi-rsc: tfrRjfiET*fe«o ctotzib, SfiT-a«ib 
^p a pfr5»S;7 c l/X^lcJ:c>T^!iS$nTl,^o ^M. 

C ^ fr ftH § O T% 7° 1^ ^ te £ ft S $ Jggjfr K 
Sicfg^ft. frOigjEfriD^t>ft^o C<Dtztb. IS^X 
ffi&m 37 7 V 7 * — A lc H i-i . 7 C /£ £>Kig 

6ftTV^BSMoa««:ffli»J-rst^-5»afr6. ^/ 
[0 0 0 4] flf*. *B«r4Bffi»tt CBW*n d > l . 

50 8/^77^v d>3 5) ^sasrs-rs^**^ 



-2- 



3 

TstLTlZ. B?03 N L a? 03 £-f%>m 
^(DjS^XtfftibftTto*), mz-li. »8-2 1 7 
4 8 4^fg, 4-9 0 2 1 8^»*L ttNHB 

6 2-10 0 4 4 9^«3arHteBa^nTV^So 
[0 0 0 5] LfrL&tf£ x cn^cD^^XlC&l^ 

fiStt*lPl±***fcAlc. L u 2 03&£<E>Hfflfi& 
OTf^Rv d>3 5 t%Z>&v*m$.lcte, ffi^X 

%m\^mt\^$h t is nzzn ossv^l i 2 ojw* 
[0006] ccdxoic, yc¥%k<Dmt±&fticmmt 

£ ns, isSJ/r^ n d > 1 . 8 ^07 y^lS v d > 3 5 
(fib (n d, vd) - (]. 85, 35), (1. 
8, 4 5), ( 1. 8, 3 5) ®3jSfcH$n;fcieH* 
»<) £#££5&7fc¥:*r5X. WfcJBllf*nd> l . 
8 5*07 7^S(v d > 3 5<D^M»«:Wrs»SBy 

[0007] £in». coiisswtt^eft**^**^ 
x^, -»te«±si*»<o«w««js<^aic»-i-ssg 

[0 0 0 8] 
[0 0 0 9] 

[ooio] -Tttto^. *58W*i. C i ) £*3Ij«#4: L 
TB2O3. S i 02. La?03, Gd?03, ZnO. L 

i20. Z r 0?tS&ZfT a?0s*. QM&ftt ITS b 
2O3 0 — i ^/b%^-gfr£: fc&t-c, P b OJsit/L u 

2 03*^h±*&s-t. fro^^e^ijafttf 630 °cu 

m'X BSf^n d43ck6 c 7^^v d tf. BB4Xs£ 
1 . 8 0 < n d < 1 . 9 0 

3 5 < v d ^ 5 0 



(3) fiPM 2 0 0 3 - 2 6 7 7 4 8 

nd^2. 0 2 5- (0. 0 0 5 Xvd) 

^#^X COLT. ft^^X 1 t»-To ) s 
[0 0 11] (2) ^S^^LTB?03. S i O2. 
LazOa, Gd 2 03, ZnO, Li20. ZrOzfeJ:[f 
TazOs^ ffig]§£#i:LTS b2 0s 0—1^1/%% 
^iS££i>lC P b 0*5<fctfL U 203^^a±^$-T. 
fc^^X&^aStf 6 3 OWT'fe^ H*T*n d 
ffl. 85^5^IT<, 77ASvd^35<J;DW 
^V^c W§iS;yi/XOT7t^77 (JK 

[0 0 12] (3) ^fro/o&^T, &mi&ftt IsTBi 
03 1 5 — 4 0%. S i 02 3 - 2 5%. L 32 03 
5-20%, GdzOa 5-2 0%, ZnO 2 — 35 
%. L izO 0. 5—15%. Zr 02 0. 5—15 
%to^t/Ta205 0. 2-10%^^^^ 
M»tlTW0 3 0-1 5%. Y2O3 0-8%. 
Yb2 03 0 — 8 %tS&rJS b2 03 0-l%MlcN 
b20s, B a Ofc<fctf G e 023&-&2*. gyfEfiK^-nft 
20 ^I^9 5%Wlt^ot, P b 04o£O*L U2O3* 

0. SSr^n d*5j;tf7*j>^»v d#. KGk£ 

1. 8 0 < n d < 1 . 90 
3 5< v d ^ 5 0 

nd^2. 0 2 5- (0. 0 0 5 Xvd) 

^^x cwr **3S5xi 1 1 t^-rl ) . 

[0013] (4) L 32 03. Gd 2 03. YbzOa, Y 
?03feitf S c?03<D-&i+^fStf 1 2-32WoT 

30 ^OBute^tf^aic^-r^ l a 2 oaottio 

t;l/%»*W0. 3 5 — 0. 6 6T^^±ie(]). 

(2) Sfctt (3) Sllci5«co«fttyux«»«Jfe»* 
*^X. (5) _Lf5 ( 1 ) £\^L (4) m^-ftlfr 1 Xi 

i c 1 5 k co yt ¥ is ^ x & a s m gg :/ u x $ je m ~f v y * 

—A. (6) ±fg ( 1 ) 3:1^ L (4) 3K©V^"fn^ 1 

[0 0 14] (7) ±15 (1) Srl^L (4) iHot^-rn 
1 ^icfeK^^^Xjb^a^JgM^X^:, S6dU 

«1B I c S i c fig JB -T ^> c t % W SS t f ^> Ififfi 7 U X ^5c 
jeffl^U7*-AO«Jg*^ ^cfcef (8) Tte^tf^X 

tbt, ±e (5) WcER<o^y^*-Aafctt±ia 

[0 0 15] 

50 c»^o*iso»as3 



-3- 



5 

[0 0 16] Sffi^l/^^^CfOcfc^iCTt^^OJ; 

le ft £ <D fc: RB 6 n & <> #9 Xl£»WL&WK\i 1 > tf^Xfc 
<ftofct>. W4C5ci:lc4S 0 Wm'7l'Xt£J& 

6 3 OTCJMTteHfenSo 
[0 0 17] #^<0^;ff^XtC&. ^7XK 
ft^tf^X 1 I fc^tfft^^X 1 1 1 <0 3O<D««# 

02^ La2 03, Gd?03, Z n (X L i 2 (X Z r O? 
*5<ktfTa2 05*. fiM^tlTSbzOaO-l^ 
%**tyi:i:tfc, P b Ofe^tfL u 2 03^rSlM±^^ 
f\ frO#^X$a£?&gtf 6 3 OTOTT^'X M/t* 
n d 1ST v v d tf. B8«5£ 
] . 80<nd^l. 90 
35<vdS50 

nd^2. 025- (0. 0 0 5 X v d ) 
[0 0 18] Z.<D%¥U^7» 1 IcJsV^T. ;2f5XKf£S 

^Rvdea. ±fe^3ocoia^^ N t^nt,»fc-rj<6 

i) lc*3V^T. fllBT-SSn, d 1 . 8 0*5 



(4) KfM 2003-267748 

6 

Jctf v d 3 5*l»^fcfl|l«rtle. n d*5<fctf v dtf#ft 

v d . mmmtfi* n d tmd* 0 

[0019] MSE^2r?x 1 te*5»sS^ric»©-S 
watot^Ttt. ^^esia^^e 3 o c cj^tt& 

IcfMHttftV^ ^O^tf^X I I Ifcfe»S-&S 

<E>o 

[0 0 2 0] ^mt^-n^T, I te*3»Sff«fig^(OS b 
f03i4RiS»Ii:L/Tfflv^6ns^ 1 t;i/%KTT?t» 

k, «*yux««#te^u^rt*ffloj5K»BB««afll« 

[0 0 21] £fc. mm^iJ^T, I IC&^Ttt. P b 
BEfttt*H««t>T»ftton«tf, P b 0tiiB7cS*VM-^ 
30 T*$>&&C£ 6 Jt*5lf 9 XJK» £ bTttWWl?* t) . 

[0022] #ric. *»^ojte^^x 1 i it. &mi£ 

i)kLTB?03, S i O2. La?03, Gd?03, Zn 
0, L i?0, Z r 02*5£tfTa 2 05;£\ ffig^kb 
TSbzOs 0— 1 fcfcfefc. Pb043<t 

tf L u 2 03*^H±-&*-f > ^O.^X$^ig.S^6 3 
onCfiiTTfeO. H*T*n dtf 1 . 85J:D^<, 
^ 7^Sv d^3 5£D&*trft;#5>XT&3 c , 

[0 0 2 3] C^Tt^^X 1 1 tCJol^T, zf^Xfs© 

iBftw 630 "cwT-pssssteoir^Ttt, m&omm 
[0024] m&yt^fi^x 1 1 fcte»s&&3Wi#«0 



-A- 



BMW** 

[0 0 2 5] SKTt^^^X I 3 fc«3»*tt*J«»cOS 

P bOfeitf L u»03**K±*Sft^ o cmcov^T 

[0 0 2 6] *!8WOJt^3ff5X I I Hix ^6 

;l/%»3i*T\ ^M5]^lTBz03 15-4 0%, Si 
02 3 — 25%. La2 03 5 — 2 0 %. Gd?03 
5 — 20%. ZnO 2 — 35%. Li 20 0. 5 — 
15%. Zr 02 0. 5— 1 5%to£T3T at Os 

0. 2-1 0 tic, ffif^tLTWOa 
0 — 15%. Y2O3 0 — 8%. Yb?03 0 — 8%*3 
^O'SbzOs 0— 1 %MtficN b2 Os. BaO^tf 

&^T. P b 043<ttf L uzOa^HKi-SS-T. fro* 

7^<*v dtf. HAA 

1. 8 0 < n d S 1 . 90 
35<vd^50 

nd£2. 025- (0. 0 0 5 X v d ) 

£ ^ r n & is # ^ * t & & o 

[0 0 2 7] C^7^^7X I 1 1 IC&V^T. ^7Xg 
dii. WIE**^^] fcra«fc. ±f£0 3 

[0 0 2 8] BiOattiff^^OWBWifiJBtitaftftT?* 
D. *»W«03t***5^ (I. 11. Ill) tcfcl^T 
<&*fiS»T?*So WtLazOa, G d 2 Os ft £<0WJB8t 

#^XO?B/&cD*:tf>*cB2 

U 1 5%*^Tfi^lc^LT+»^S^^^^n 

-r. sfcSKtttffiT-rsfc*. fowAiH, i 5- 

4 0%7bH , r^LV\. J;D£?g;L<ti2 0 — 3 7 %tD®(S 
[0 0 2 9] S i 0 2 <iB2 03 tl°H3L ?ff^X»B*Jfi 

^7^tjtiTx b 2 o 3 fc l T^nsm-r £ 

•g\ S££#^X<D££tt%;*;£ < (pj±^Hi^>^ 3% 
^?S5T^i±fE«0<fc -3 ftj»*#»< 4 0 . 2ffc 2 5 %£$3 



(5) 2003-267748 

<? 

» S L < fi 5 - 2 0 %£DllT^5o 
[0 0 3 0] La20 3 ti. ±a>bfcJ: o fc*5X<D*a 

£>£ 0 l^l. 5%*ssT«i+^o^w# e>n*v^ 

[00 3 1] G d2 03teL 32 03 ^[S]«. *7XOftS 

V\> <fc9$?£L< 1*6—1 8%. 2£>tc#g;L<te7 — 
1 8%(D8iBH7?35Se 
20 [0 0 3 2] B2O3- S i O2- L 32 O3- G d2 O3- 
Z 11O-L i 2O-Z r 0?-T a 2 Os ^tf^XtcfeV^ 
T. iiHt litWM (®ffr*n d > 3 . 8 fro 7 
•^vd>35) OHWMEtt*«ofc*lcfci:L azOa 
+ Gdi03©^tt«##SL<tt 1 2%JK-L. 
b<Ui l 2 — 3 2 %fc-T£>o 

[0 0 3 3] tf^X^lctetf&^V^y^ KBMfcttL n 
2O3 ( L n = L a . Gd. Yb. Y. Sc) (D^)V%^ 
<k ^Sic^-r £ L a 2 O3 cO^;l/%^ic X 
SWBOIJft TfeS. La?03/ZL n2 03 

50 «U 0. 3 5-0. 6 6tfJf$L<, AOJfSKtt 
0. 45 — 0. 6 6 08gHT*So *<oa**JWTteK 

[0 0 3 4] Wffi^UXjR«ffl«r^^f:LTtt. 

i«rr«£?e*M&Sfcft. SEAM* • 

^mzt£Z> 0 bfcfroT. -KfcSiD* C Z L n 2 O 3 ) 

^0 [0 0 3 5] Lfrb&#£>. *»W#6« N LazOsW 
^£0^>^y-r Kftft**. LazOaO^O. 3 5 
-0. 6 6 t^^ct^lCjfSSD-r^tl^lC^t?. 

#SC4:tfpISEi:ftO. SSStfiT«*5 L i 2 0^ 

^^^<^-T^c ttB^&fricLfco La 
2 O 3 / 1 L ii 2 03 = 0. 35 — 0. 6 GOfiSai-cfeSlS 



-5- 



9 

ic^:o/co LazOa, Gd2 03. Yb20s. Y 

?0 3 . S C 2 0 3 £D-&ft^ffi (I L n 2 03) £ 1 2-3 

[003 6] Zn 0J4*5XO»lBiS*^SIffiiafiRtf 

H6n»v^fc»U 3 5%*s*TWA-rsi:. 

4MtfcffiT*r50T\ *OWA«tt2 — 3 5%C0RH)V 
[0 0 3 7] L i 2 0«4flSO7;l/*Uft«»ftW«»fc: 

B##Sbv> 0 ±D»*L<tt 1 - 1 2%. 
b < 2 ~ 1 2 %0!Eit*355 0 
[003 8] ZnO. L i 2 0«t^f tl^f 7Xgg?g 

1 0^b%iU±i:-r^c t^!?$L<, I5t;b 

[0 0 3 9] Zr0jttKJHUf*-«4MRO«»fcLT 

■T*ci:3b^aSLv\ b^U 0. 5 %ScSST*teZ r 0 

Stttwtrsot 8 . ^(omxmit, o. 5— i 5%co 

bV\ <fc Dff $ b < 1 — 1 0 %^gIT*fe 

[0 0 4 0] Ta 2 05tiflfHSf* '«»»«0«»kLT 
ffibnSo ^SOTa 2 05^AT£C£lc£ , ;u 

■rS^^^aSbv\ b^U 0. 2%*»TTa2 0s 

^(Dmxm&, o. 2-1 o%<jmeh##sl 

l<\ *D»iL<H:l-8%<0lEit*4« 

[004 1] wo 3 te. ^r^xtos^tts 

S*V ^<D«Afi^l 5%£jS**i:. 

SB] 5%JMTtf»SLV\> *t>»* b<ii\ 1 2 96« 



(6) «fM 2 0 0 3 - 2 6 7 7 4 8 

70 

[0 0 4 2] Y2O3. Yb2 03. B a OttWHUf* -ffi 

^^^tt^^n, 'pmrnxtzm^, #^a 

(t*flWAtt*rtl±S**^ 8%<fc 
0 & < igA-T ^> i: 3 ^ AtD^igic*t*r SSStt* A^ < 

[0 0 4 3] N b2 05&#^A©£^tt^®}jT**Sc# 

70 -r*fe*rcafifflA$ns«»^***^ 

8%£ig*££. ft 9. <»ft{KiMfttttt 

[0 0 4 4] G e O2&. S i 02 tf^A^S 
^t£ii\ S i 02<k9tWHift**^ASj«#-e* 

8%«T*W$U\ £7c. Sb?Oa, Pb 043*1; L 
u 2 03 tc iltit fuKft^^A 1 fcfcvvr 8MB Lite 
20 t3s9T*$>2> 0 

[0 0 4 5] ±ISfflJ5!lii!HOff*OJ«»«:agfflV^*C. 
tlc&K), ±E»f L^lit bt^^nfcttS^ »it 

fflfiKffl!H«. B2O3 2 0 — 3 7%. S i O2 5 — 2 
0%. La2 03 7— 1 8 %. Gd?03 6 — 18%. 
ZnO 5 — 32%. L i 2 0 1 — 1 2 %. Z r O2 1 

— 1 0%. Ta 2 0s 1—8%. WO3 0—1 2%. 
Y2O3 0 — 7%. YbzOa 0 — 7%. NbzOs 0 

— 5%. BaO 0 — 7%. G e O2 0 — 8%to£Zf 
30 Sb?03 0— 1%£^#. L a 2 03 ^G d?0 3 ^Bt 

■g^fttf 1 2 ~ 3 2 %T\ L 3 2 O3/Z L ruOatfO. 
4 5-0. 6 6f« 0 LV«jacKH«:> B2 

03 2 0 — 3 7%. S i O2 5 — 2 0%. La?Oz 
7 — 18%. Gd?03 7 — 18%. ZnO 5 — 32 
%. L i 2 0 2 — 1 2 %. Z r O2 1—10%. T a 
2 Os 1—8%. WOa 0—1 2%. Y2O3 0 — 7 
%. Ybz03 0—7%. Nb20s 0 — 5%. BaO 
0 — 7%. G e O2 0 — 8 %ts£Zf S b2 03 0—1 
L 3 2 03 tG dzOzO&m&m&tf 1 2 — 3 
V0 2%T\ L a 2 03/I L n 2 0 3 ^0. 4 5 — 0. 6 6T' 

35 -So 

[0 0 4 6] ±1BH«IBH*6tffci9»SbV^ 

^Itffl^:^^: < t 9 5 %tt±K:^tS C ^ ^ffST 
$>&t>\ ty&m&Vtclblc, ^ItST5%I^T<ON 32 
0. K2O. CaO. SrO. T i 0?. AI2O3. Ga 
2O3. %Z(D%(D{\k<D&#%mAl,T&&\,\ 
[0 0 4 7] ^^>lc. ±E»SIUeBa6lffcJ:5»SL 
50 WflJSEflSHlCfcl^T. B?0s. S i O2. ZnO. L12 



-6- 



77 

0. La?03 N Gd 2 03. Z r 0?s Ta?0s, W03, 
Y2O3. Y bi03<0-&«-S#«tf9 5%W±T*$>SCi: 
WD»JL< % 9 9%K±TftSCi:tf*6k:»iL 

[0 0 4 8] ^SJc^B^OTt^*^^ (K IK I 

n)^ *K5'>A*f;oai«Li:P«iiai:aa7cii5. b 

4^Ct}b^SLV\ £ft. #5*»W#©»Rfc4f<D 
[0 0 4 9] *fg^O^#^^ ( K IK 111) 

So £ft. ^B^^Tt^^X (K IK I 3 I) # 
m SftStf^BBK* 4 0 X 7 0 X1 5mm^-t:> 

■?fi»Si L ft . SMR«7?«*T?# SSSSteflTtii 

cl^^^^/^^^Tt^^X CK IK 

iii) ^^intt^o 

[00 5 0) maojifi*^x (k ik 11 
1) iDa*»«yuxj«Wfflyu7*-A45±r/*«o 

-2* tit tm ITM/^ fc ttf SfftiSSSn 

BBWWO»»fcW9J. ffi**£©»*iDX*«S;*ftl^i 
6gt^^^7 & ^^p°p01iM^S^/eLfc^^. 7* 

5 x *>< x <d f&mmc jtftjtm s n*r . 
±t>fc»<**4£©pjB#£i;s 0 xy?*- 

A<oSfi^fr-r^S^> &#fc#^x#7Vxj&^ 
[SOfiSRgic a t> 5&A/PJ«*/< y ?t§L Cft 0 , f&B&cDm 
#^WrHO/P#J:0*<a**SOIBH««^i;*o bft 

x ftjBa ?ie*«*Bffi & e * mm, mm* e ic &^n± 
ws-ra£«#** 0 S6t, BfffiXuxtfjBfflxy 7 
ffi t l t «»« a k as ft ft. r y 7 * - a <o«ffi ^ a 

[005 I] c ©J; -) b^^i ^'j 7 ^ - A 



(7) WPBfl 2003-267748 

« & nft ^ ^«*»fa<o** s fc««jnx-r s 
[0 0 5 2] MUiBASSTtt. »». BiiS> is»t«n 

ft. mXlZ 1 0 0 0—14 0 0 rSfiOJSfi. 0. 1 — 
5dPa • saft©tt««r^rt61«*^^*ffl*U 3 
-60dPa ■ s fiftOttftfc** J: -5 fciSSWfiLT 
SEtti^ X;V&£ WiifitB; W Xfr tH U X'J 7 * - 

X;k fflltb^W^OWSlfc LTtea££ft&a£££tf 

tt*« (c <fc -3 T§ T X y 7 * - 2* tc SftS * 

a. rac<masfiosM^xiis*BufeatbyX7i/<3: 

^XtOttfik LTi^3~3 0 d Pa • s«L<^ 

X^ti:lT^2-60dPa • s»$U\ 
[0 0 5 3] 7 c y7^-AO^ti. ffi^7 c lxX^p a p 

o?E«*#fiaLTSiftntf ±1/^*^ »a**«t it^ 

30 pjjsK»tt*T5 ^#«cf tiMfiLt^iaSte fcs t tr tc 7^ y 
7^-- i*<o*ffitfjgj««n*oi?, Ttfifrftftffi*** 

t> »± ^ ^ w e 7 0 y 7 * - a h: eg » l ft t> . a {* g m 

ft®i**tcigM4^^7,?^AnT7 c U7^-Alc^-r 
S^iST^. *X. f^n. affioajl3a:H**v^»63Er 

&aas. mtfi*affi**-rsxy7*--A*2gai-z: 

[0 0 5 4] -75. ?&»axj*T?tt. ±a>cOJ: 

iio^xr^su affi*T»te-r*xs*f5^ 

17^7^-^}!^ 

[0 0 5 5] ^ C6DJ:a^7 c y7^-A^M3g7 f, Lx 

fcinxsnfc^i/^j5E»ffi*fflv^tf. i«jBffitett, -f 

30 Tfei^o fiKEXL'^fiMBtt. J5KJBS««®fl!)»ft3!3: if 



J3 

[0056] L^^ar, 

(K IK III) iD458ffiUVX, 3fSffil^> 
X> ^^DbyXs 1/>X7W, v^^Dl/>X7 

[0 0 5 7] 

mmm i-58 

tn^nffla-rs»t». ks&m. ton. isk&l * 

Btffctt&if. ff!l*.fcf. S i 02. H3B03. L3 2 03. 

ZnCK ZnCOa, Z r O2. L i z C O3& if%fflV>T 
2 5 0-3 0 0 gf¥*U +^ic?^LTI^^y^^ 

/su (iniSisoiftLAn, 1 200-1 4 sot 



(8) HfM 2003-267748 

4 0 X 7 0 X 1 5mmO*-^yfifiD4St8iU #5 
x<£>K»jftigft S T?3ft?p UT^bl^ lc 7 ~— ;l/*pfc: A 
ft. **7^o^iasei?fi 1 i»BB7^-;l/bftft> 
JFrtTSta$T?»l»LJtt*5!r9X«:»fc. »6ftfc#* 

fee 

[0 0 5 8] Jt*#-5X©Wtttt. WTte^-T* 

( 1 ) JBSt* (n d) M7 7^fi (v d) 
T g - T s MOfiftTftft Ltm7X*, ^iSSJg 
^-30t/hr lcLT»&ftfc3^;tf9Xfc:OV>TW 

(2) (T g) fttfHttjJtfi* (T s) 

[0 0 5 9] 
[Si ] 

;>0 



-8- 



(9) 



15 



mm 2003-267748 
16 



c 

TO 



8 



[0 0 6 0] 



»2] 



-9- 



(1 0) 4$gg 2003-267748 



77 



.153 


CM 


CO 

to 
CM 


o 
co 

t.O 




12.06 | 


i 20.23 | 


CO 

CM* 


3.80 | 


o 

TO 




j o.oo ! 


1 o.oo ! 


| 0.00 | 


c 


1 0.00 | 


CJ 

xr 
CM 


| (0.50) | 


| (22.57)* | 


| (24.12) | 


| 0001 | 


to 
to 




00 
TO 

to 
cc 


c 

CO 

c 
"^r 


ct 

CO 


CT, 


CO 

o 


CO 


tO 

cO 


iO 


CO 

o 

CM 


CO 

cm 


CO 
CO 
CO 


CR 

C3 


to 


Q 
c 


Q 
o 

o 


o 
o 
o 


o 


o 
o 
o 


o 

CO 
CM 


o 
o 


CO 
CM 


CO 
CM 


p 
c 
c 


r- 
cr. 




CM 
03 

o 
p 


CM 

o 


CO 


00 


=o 

CO 


CM 

co" 




T 

t*^ 


r~ 


iC 

o 


p 


CO 

csi 


cc 
to 


c 
o 
o 


o 
o 
o 


CO 

o 
c5 


o 
o 


o 
c 
o 


« 

CO 
CM 


o 

CO 

c 


% 

CM 


DO 

CO 
CM 


c 
o 
o 


cc 

WO 


CO 

to 


Cf 
CO 

to 

CO 

CO 


t.O 

o 


o 
o 




to 


p 
cd 


cc 


T 

OO 

o 


oc 

30 

c3 


CM 
O 


CM 
O 


p 
CO 


CM 

oq 


o 
o 
o 


o 
c 
o 


o 
c 
c 


o 
o 


o 
o 




o 


o 
p 

OJ 


oc 
p 


o 
o 
o 


30 

c- 


CO 

CM 

to 


to 
to 

Q 

to 

90 


CO 

o 


p 
to 




O 

x- 
CM 


o 
to 


r~ 

id 


s 

cd 


CO 
CO 




CO 
CO 


in 


p 

wo 


p 


c 
o 


o 
o 


o 
o 
o 


o 
o 


CM 


o 


cB 

CM 
CC 


L.O 

CM 


o 
o 
c 


CM 

K 


to 


o 

CM 
CO 

30 


CO 
CO 
TO 


CT- 




C5 

CO 
OJ 


CO 
CO 
DC 




= 


CO 

co 
cd 


o 

CO 
CM 


oc 


lO 

CO 


o 

p 


o 
c 


b 


B 

o 


o 
o 
o 


B 

o 


CM 
CM 


o 


CM 
CM 
CM 


"cm 

CM 
CM 
CM 


c 
o" 
o 


iO 


to 


>o 

o 

CO 

» 


CM 

o 

xr 


id 




OJ 

O 

CO 


cd 


O 


o 


CO 
CO 

o 

CM 


CM 
p 
to 




CO 
CO 


CM 
00 


c 
c" 


o 
c 
c" 


o 
o 
o 


o 
o 
o 


o 


oo 

1 


o 

CO 

CD 


to 

Csl 


OO 

oo 

s 


o 
c 
c 


to 

t-O 


to 


to 

OO 
30 


CM 

o 


X- 

p 
td 




CO 

o 

CO 


to 

lO 

cd 


CO 
CO 

cd 


to 
co 
cd 


CM 


CO 

CD 


30 
lO 


c: 
r- 

CM 


CO 

r- 

xr 


o 
p 


o 
o 
e 


o 
o 
o 


o 
o 
o 


o 
c 


oJ 

C73 

cS 


3 

CO 

o 


CM 
w 


CM 

cr> 
oS 


c 
o 
o 


to 

CO 


to 


to 

CO 

o 
p 


CM 
CO 

o 

XT 


CM 

id 




do 

CM 

o 


co- 
ed 


to 
cs 
cd 


CO 
p 

cd 


CO 
CM 
CM 


CO 
O 
id 


DO 
p 


co 

CO 


CO 
l> 




o 
to 

c 


o 
o 
o 


o 
o 
o 


o 


"cm 
cr> 


o 
to 
o 


cS 

OO 

r~ 

CO 


CM 
C7i 
d 


o 
o" 


Id 
to 


TO 

<o 


CO 
DO 

TO 

p 


to 

XT 

o 

XT 


TO 
CO 




co 

OO 

o 

CO 


co 
xr 

oi 


do 
co 
cd 


CO 
CO 

cd 


CO 

CM 
CM 


CO 

co 

CO 


r- 


oo 

OS 


CO 

p 
td 




g 

c 


o 
o 
o 


o 
o 
o 




I— 
d 


o 

lO 

o 


CO 

f" 

CM 


to 
l*» 

cr: 


p 


o 

to 

lO 


o 
to 


CO 

^o 
to 

oq 


to 


CM 

to 




CO 

C 

CM 
CS 


CM 

q 
bo 


^3 

CM 


CO 

8 

-a 

a 


C 

t= 


o 

CM 


CM 

C 
s3 


io 

O 

CJ 


CO 

O 


CO 

o 

CM 

>< 


CO 

c 

CM 


CO 

8 

s 


o 

ca 


CM 

c 


CO 

8 


co 

o 

CM 

c 
uo 

CO 

o 

CM 

d 


o 

c 

cs: 


CO 

8 

o 
+ 

CO 

o 

CM 
cz 


r«c 

<G 


e 

< 
t: 


e 


c 


>• 


til 




& 3? 



[0 0 61] [S3] 



-10- 



(11) 



79 



&ffl 2003-267748 
20 



© 



S 



s 



8 



S 



Si 



[0 0 6 2] 



GSM 3 



-11- 



(12) ttM 2003-267748 

21 22 



m 


c 




1 


1 


5 


s 


8. 

cc 


s 

XT 


re 


CD 




is 


8 

O 






? 

s 


| (18.78) | 


f 


| 


1 


si 

CD o 


!! 


8 

L.O 


o 

CO 


§ 


. - 

CD 




1 


s 


p 


xr 




s 


s i 






s 


1 

s 


? 
s 


i 


? 
s 




8 

CD 


i! 

CD © 


l§ 




CO 




1 

cd 




CNJ 


T 


s 

CO 


s 

XT 


s 

CO 


s 


3 c 








£ 


? 

3 


§ 


t 




s 

LO 


■ ! 

O 0 


ll 


LO 


co 






CM 




00 
CO 


lo 
c 


CNJ 


g 

CO 




8 i 

-i c 


§ g 

D C 








5 
s 


i 

cc 


f 




LO 


CD 3 


H 




UD 

ro 


o 

s 


CD 


LO 


lo 

S3 




CD 


CNJ 
O 


CD 
CO 




8 S 

© c 


g S 






i 


? 
s 


I 

S 


° 


c 
c 

s 


g 


>! 


h 




LO 

ro 


s 


8 

o 




LO 


5? 


cd" 


s 
XT 


CO 
CO 


§3 
xr 


3 1 

o c 


3 8 


S 

o 






f 

e 


f 
§ 


f 




CD 


C 

S I 


C 

s ° 


L.O 


CO 


8 


8 
s 








s? 

CO 


s 


CO 


CO 

XT- 


8 I 

o . 


D g 




8 

o 




s 


s 

i 




§ 


s 

O 


El 


1 a 


3 


CO 
CO 


8 


s 


° 

CM 


P 


5? 


CO 




CD 
CO 


XT 




3 g 


g 




s 


? 
s 


I 


3 

i 




O 


s § 


N 
l ° 


o 


CM 

ro 


s 


1 


cd 


cd 

d 


1 


§ 


s 


1 








CO 


; 


? 
s 


I 


-o 

! 


B 


1 


1 


3| 


\% 


g 

LD 


CO 


8 




1 


1 




cd 


3 


1 


1 






g 

o 






1 


1 


o 

6 




g 




s ^ 

§ - 


s 




I 


1 






1 


§ 


1 


1 


1 


II 


11 


1 


1 




! 

M 


S 




I 




r- 


c > 









C0 0 6 3]. K5] 



-12- 



(13) 



23 



ftK) 2003-267748 
24 



s 



8 



S 



8 



[0 0 6 4] 



[St 6] 



-13- 



(14) 1«M 2003-267748 

25 26 

me 













m t 














5 1 


5 2 


5 3 


5 4 


5 5 


5 6 


5 7 


5 8 




B203 


25.10 


25.10 


25.10 


24.70 


24.80 


24.90 


28.24 


26.29 




Si02 


16.19 


16.19 


16.19 


15.94 


16.00 


16.06 


12.55 


15.94 




La203 


12.96 


14.57 


15.38 


14.34 


14.40 


14.46 


10.20 


11.16 




Gd203 


11.34 


9.72 


8.91 


9.56 


9.60 


9.64 


10.20 


11.16 




ZnO 


12.96 


12.96 


12.96 


14.34 


13.60 


12.85 


23.53 


19.12 




Li20 


7.29 


7.29 


7.29 


7.17 


7.60 


8.03 


5.49 


7.17 




Zr02 


3.24 


3.24 


3.24 


3.19 


3.20 


3.21 


5.49 


3.98 




Ta205 


3.64 


3.64 


3.64 


3.59 


3.60 


3.63 


2.74 


3.59 


m 


VV03 


5.67 


5.67 


5.67 


5.58 


5.60 


5.62 


1.57 


1.59 


Y203 


0.81 


0.81 


0.83 


0.80 


0.80 


0.80 


0.00 


0.00 




Yb203 


0.81 


0.81 


0.81 


0.80 


0.80 


0.80 


0.00 


0.00 


/U 

% 


Nb205 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


/o 


BaO 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 




Ti02 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 




(2Ln203) 


(25.92) 


(25.91) 


(25.91) 


(25.50) 


(25.60) 


(25.70) 


(20.40) 


(22.31) 




(La203/£Ln203) 


(0.50) 


(0.56) 


(0.59) 


(0.56) 


(0.56) 


(0.56) 


(0.50) 


(0.50) 




(Li20+ZnO) 


(20.24) 


(20.24) 


(20.24) 


(21.51) 


(21.20) 


(20.88) 


(29.02) 


(26.29) 




(La203+Gd203) 


(24.30) 


(24.29) 


(24.29) 


(23.90) 


(24.00) 


(24.10) 


(20.40) 


(22.32) 






100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 




Tg(TMA)( c C) 


598 


594 


595 


592 


592 


5S9 


579 


567 




TsOC) 


656 


650 


650 


648 


648 


644 


635 


621 




nd 


1.86083 


1.86147 


1.86156 


1.86164 


1.86078 


1.85964 


1.83553 


1.83327 




vd 


40.19 


40.22 


40.15 


40.04 


40.32 


40.11 


42.80 


42.78 




its 


5.52 


5.49 


5.47 


5.49 


5.48 


5.47 


5.29 


5.25 



(ft) (La203/ S Ln203) It^rJ^ m T* &> <5 „ 



[0 0 6 5] £(D& olz^ B2 03. S i 02. La 
2O3, Gd 2 03. ZnO, L izO, ZrOz, Ta?05 

^^(g»iBS[^6 3 owtt'*^ mnm 

n d tsxrjy y -^la v d ffi % m$k3i 

.1. 8 0 < n d < 1 . 90 
35<vd^50 

nd^2. 0 2 5- (0. OOSXvd) 
[0 0 6 6] Hfifcffll 5 9 

mmm 1 -5 sco^ytm^^o^^mmy^ 

»«HS©»14:— aLTfeD, fc3*r£C£ft<. St 
[0 0 6 7] ±EO*3£i:raafc. SKHjyX;Mr 

[0 0 6 8] ^.gte. ±ESffl8«T5X*8em^^ 7°<t D 



SETT 5iSBS*f^XSttO»if k: < tfn*flF9. < tfn* 

a. *a-r*cfc*<. aB#»6^ 
[0069] 6 0 

mmm 5 9 1 xm^ntc^mm 1 - 5 8 o^«3t 

x i 9 ft s Stto y y 7 * - A *bnm U H 2 ic 

[0070] m&7]sXf&m<Dnmi**xfo£tsz>T*& 

%o ±E:/'J:7*— JPSiBJrS«*St5S i C 
^cDT^ J 2^a w ±§y 1 ©BBfcftBLfcG)^ E^m 1 1 

fifi+2 0~8 0 , Cfc*£iMfcH5£U Hfift*rii» 

Up a. «*»IB*3 0»2:Lfc^iV^O*. JMBJE* 

O'^OiSfiS TJc«?&U ^V^SJSSTA 

3/9 fee W&nfc^iBiWXtt. tfea&r«iS<D«^iV> 



-14- 



27 

[007 1 ] mmic Lxnmi s 9 <D^m 2 , 3 1 
« v>fcX'j 7*— A(±v^-rnfeif.«TiS@^ 2 ~ 3 0 m 

[0 0 7 2] S^S5o<0^«{c-&tj^-fcXUXfiK 
[0 0 7 3] 



[El l ] 




(15) 4#KJ2 0 0 3-2 6 7 7 4 8 

2ft 

[0 0 7 4] g=fc, *JW!lcJ:ntf, ±IKfc£#5*«): 
•3*5 fft& X bXfigJgffl X 'J7*-A*ilf^ <DS5£73 

teXU 7 * - A£ffl V^T«^7'l/X^IC<k 'J 3P«S b 
>X% ifO^jR^^Sffitti < ff«-T S3t^*?©» 

[HffitDffl!#*lfts^] 

[0 1 ] *a^ojt^^-5^to i mmicistfzmmmn 

[0 2] JISECHJT-iSfflLfcSIS-T'L'XfiE^aoi 
WBSIfrffiiaT'&Se. 
[^©St^] 

i ±m 

2 

3 IgrtS (BSD 

4 X'J^rf-A 
9 3E#» 

1 0 3*#£r 

1 2 t— £— 
1 3 J? Lff 
1 4 



[02] 




14 



-15- 



F£-A(##) 4G062 AA04 BB05 BB08 CC04 CC10 
DA03 DA04 DB01 DC04 DC05 
DD01 DE03 DE04 DE05 DFOI 
EA02 EA03 EA04 EBOI EC01 
EDOI EEOl EF01 EG01 EG02 
FAOI FBOI FC02 FC03 FC04 
FD01 FD02 FEOI FF01 FG01 
FG02 FH02 FH03 FJOI FJ02 
FJ03 FK03 FK04 FLOI GAOI 
GB01 GCOI GD01 GEO! HHOI 
HH03 HH05 HH07 HHG8 HHOS 
HH11 HH13 HH15 HH17 HH20 
JJOI JJ03 J JOS JJ07 JJ10 
KKOl KK03 KK04 KK05 KK07 
KK08 KK10 MM02 NNOI 



